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and Withers (1997a) report TEWL,td and resistance to total water loss (rtota) for a number of terrestrial and arboreal Western Australian goannas and provide a useful comparison to TEWLstd and rtotal for V mertensi.
MATERIALS AND METHODS
TEWLtd was measured for 10 juvenile V mertensi at mean air and body temperatures (Tb) of approximately 20 and 35 C. All goannas were tested between December and January, when four months old. These goannas had hatched in captivity (Aug. 1996) and were maintained in an outdoor cage under ambient photoperiod. Water for drinking and swimming was always available, and we presumed that all goannas were fully hydrated prior to the experiment. Goannas were fed raw meat with a vitamin supplement; they were rapidly increasing in body mass and in good health when studied. VO2 (mL g-1 h-1) and TEWL (mg g-1 h-l) were measured using a flow-through respirometry system. All goannas were weighed and then placed inside a plastic mesh cage in an opaque cylinder (33 mm dia) to keep the goanna in an elongated position, unable to curl up, and without the skin being pressed against the side of the cylinder (i.e., ensuring maximum skin surface exposure to the flow-through air current). A current of dried and preheated 1977) . All goannas were placed in the chamber in late afternoon (1800-2000 h) after being taken from their pool between 1600 and 1700 h; they had been fasted for a period of at least 60 h prior to the experiment. The VO2 (STPD) and TEWL were computed every 60 sec, for a period of approximately 7 h commencing at 0000 h, between 0000 and 0800 h, and all EWL,td and VO2std values were calculated between 0500 and 0700 h. The lizard's Tb was presumed to be equivalent to the temperature of excurrent air, which did not differ more than 0.5 C from incurrent air (Ta). TEWLStd was calculated from the difference between the water content of incurrent and excurrent air flow through the chamber and the air flow rate. TEWL data from extended nonventilatory periods (at 20 C) and presumed activity periods were not used in the calculation of TEWL,td. Because REWL might have been a significant component of TEWL (Dawson et al., 1966; Green, 1969) , incurrent air was passed through the chamber from the posterior end to the anterior end of the goanna to maintain a minimal relative humidity as air flowed over the goanna's skin. Data were discarded if the goanna urinated in the cylinder during the experiment; this was easily detected by a rapid and substantial increase in excurrent humidity that was sustained for more than 20 min. EWLtd and VO2std were measured once for each goanna at each ambient temperature (Ta).
To account for variation in TEWL due to effects of skin surface area and ambient water vapour content, the total resistance to water loss (rto,ta) was estimated for goannas as follows: rtotal (sec cm-l) (AH*(100/RH))(1-(RH/100)) (EWL* M/3.6) / (SA) where AH is absolute humidity of excurrent air (gm-3), RH is relative humidity of excurrent air (%), M is body mass in g, EWL is in mg g-1 h-1, and SA is skin surface area (cm2 = 12M?-67; M is body mass in g; Green, 1969). This rtoal is the apparent total resistance of the goanna (including boundary layer resistance and respiratory water loss) and not skin resistance that requires partitioning the total TEWL into cutaneous and respiratory components. We partitioned TEWL into REWL and CEWL by presuming that periods of no measurable VO2 reflected no pulmonary ventilation (see Thompson and Withers, 1997c) . When a nonventilatory period was immediately preceded or followed by a period of rhythmic breathing and stable VO2, such that the EWL during both the ventilatory and nonventilatory periods could be consecutively measured, we presumed that the nonventilatory period EWL represented cutaneous EWL (CEWL) and that REWL could be calculated by the difference (i.e., REWL = TEWL -CEWL). Unfortunately, nonventilatory periods only occurred at 20 C; none was recorded at 35 C.
Means are reported with + 1 SE and sample size (n) throughout. Statistical significance was accepted when P < 0.05.
RESULTS
Mass-specific TEWLStd, r,ttal, and VO2std for 10 individual juvenile V mertensi, with a mean body mass of about 50 g, are summarized in Table 1 During nonventilatory periods at 20 C, CEWL was 0.50 (+ SE 0.048, n = 6) mg g-1 h-1, and so REWLstd during ventilatory periods was calculated by the difference between TEWLStd and REWLstd to be 0.011 mg g-1 h-1 (n = 6) or 2.2% of TEWLStd. Boundary layer resistance of a goanna in the respirometry cylinder was calculated to be 4.5 sec cm-1 using equation (7) 
DISCUSSION
The main objective of this study was to compare EWL for a semiaquatic, mesic-zone goanna and a similar-sized terrestrial and more aridadapted goanna. It must be appreciated that considerable caution should be exercised in comparing EWL values between reptile species, particularly where different research protocols have been used. There is both an intra-and interspecific allometric effect, EWL values can vary dramatically with the research protocol used for measurement of EWL (e.g., Heatwole and Veron, 1977), and ambient relative humidity affects skin hydration and EWL. Nevertheless, we would expect that the mass-specific EWLstd would be higher for juvenile goannas than for adults because the surface area-to-mass ratio is higher for small goannas (Green, 1969; Foley and Spotila, 1978; Dunson and Bramham, 1981) , if the skin of juveniles has the same resistance as adults. However, the common intraspecific slope for mass-specific EWLStd of adult goannas is about -0.05, with considerable variation among species, suggesting that small species have a higher cutaneous resistance to compensate for their higher surface area to volume ratio (Thompson and Withers, 1997a). Green (1969) also reports exposed corneal evaporation to be 64.9% of TEWL for a 15-g neonate V rosenbergi compared with only 16.7% for adult specimens. We were unable to determine whether our goannas had their eyes open or closed in the chamber.
In many early studies, experimental protocols involved sealing lizards into a chamber with a desiccant for a known period of time at a given Ta, and the EWL was calculated from the total Total resistance to water loss for juvenile V mertensi (296 sec cm-1 at 20 C and 197 sec cm-1 at 35 C) was lower than that for all other terrestrial and arboreal goannas (see Table 2 REWL (-3.1 times) . However, respiratory water loss is a small proportion of total water loss under standard conditions for both juvenile V mertensi (2.2%) and adults of other small species (2.4%; Thompson and Withers, 1997c). This is much less than the 25% of TEWL attributed to respiratory water loss by Green (1969) for adult V rosenbergi at 30 and 38 C in nonstandard conditions. However, this substantial difference between 2% and 25% is certainly due in part to the standard condition of our goannas (with a minimal VO2 hence REWL) and probably also due to differences in body temperature and research protocol. mg H20/mL 02 at 35 C. The value at 35 C is at least three times higher than that of any other goanna yet measured (Table 2) . It is a high EWL rather than a low VO,std that is the primary reason for the large difference in the water economy of V mertensi. Under standard laboratory conditions, the high EWLStd of the semiaquatic V mertensi suggests that there are differences in physiological and anatomical skin properties, under ecologically relevant environmental conditions. There are at least three other semiaquatic Australian goannas (V semiremex, V indicus, and V mitchelli) and a number of semiaquatic African and Asian monitors (e.g., V niloticus, V salvator, V karlschmidti), but the extent to which physiological and anatomical parameters, such as increased skin permeability, are associated with a semiaquatic environment in species other than V mertensi is unknown. The external morphological features associated with the use of a semiaquatic habitat, such as a laterally compressed tail and dorsal placement of the nostrils, appear to have coevolved a number of times in goannas (e.g., V mertensi in Australia and V niloticus in Africa). It will be interesting to determine whether the EWL and rto, values of other semiaquatic species of Varanus are comparable with those for V mertensi and lower than for terrestrial goannas. 
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